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NOTICE 


When  government  drawings,  specifications,  or  other  data  are  used  for  any  puiposeother  than  in  connection  with  a  definitely  related  government 
procurement  operation,  theUnited  States  Government  thereby  incurs  no  responsibility  whatsoever;  and  tie  fact  that  the  government  my  have  formulated, 
furnished,  or  in  any  way  supplied  the  said  drawings,  specifications,  or  otter  data,  is  not  to  beregarded  by  implication  orotherwise  as  in  any  manner 
licensing  tie  ho lderor  any  otter  person  or  corporation,  or  conveying  any  rights  orpermission  to  manufacture,  use,  or  sell  any  patented  invention  that 
may  in  any  way  be  related  thereto.  This  report  is  not  to  beused  in  whole  or  in  part  for  advertising  or  sales  purposes. 

AFPTEF  PROJECT  NO.  04-P-106 

TITLE:  Development  of  the  C-17  Heads-Up  Display  Unit  Container 

ABSTRACT 

The  Air  Force  Packaging  Technology  and  Engineering  Facility  (AFPTEF)  was  tasked 
with  the  design  of  a  new  shipping  and  storage  container  for  the  C-17  Heads-Up  Display 
(HUD)  unit  in  March  of  2004.  The  new  container  is  designed  to  replace  the 
wood/fiberboard  combination  package  presently  used. 

The  current  containers’  lack  of  mechanical  and  environmental  protection  as  well  as 
handling  issues  prompted  AFPTEF’s  design  of  a  new  container.  The  new  container  will 
protect  the  HUD  both  mechanically  and  environmentally  and  make  it  easier  to  maneuver 
during  worldwide  shipment  and  storage.  The  CNU-676/E,  designed  to  SAE  ARP1967A, 
is  an  aluminum,  long-life,  controlled  breathing,  reusable  shipping  and  storage  container. 
The  new  container  passed  all  qualification  tests  per  ASTM  D4169. 

The  CNU-676/E  container  will  not  only  meet  the  users’  requirements  but  will  also 
provide  an  economic  saving  for  the  Air  Force.  The  savings  will  be  thousands  of  dollars 
over  the  twenty -year  life  span  of  the  container. 
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INTRODUCTION 

BACKGROUND  -  The  C-17  Sustainment  group  (564  ACSS/GFL)  located  at  Robins  AFB 
requested  the  Air  Force  Packaging  Technology  and  Engineering  Facility  (AFPTEF)  develop  a 
long-life  aluminum  container  for  the  Heads-Up  Display  (HUD)  unit.  The  container  is  a 
replacement  for  the  current  wood/fiberboard  combination  box  which  uses  foam  cushioning  and  a 
barrier  bag  for  shock  and  environmental  protection.  The  current  packaging  degrades  readily 
during  use  and  can  not  be  stored  outside.  The  box  provides  inadequate  environmental  and  shock 
protection  for  the  HUD.  The  HUD  container  is  one  of  a  family  of  new  AFPTEF  container 
designs  to  protect  C-17  items  that  are  being  damaged  in  the  shipping  and  storage  cycle. 
Containers  were  also  designed  for  the  main  landing  gear  (MLG)  axle  beams,  MLG  posts,  full 
MLG  assemblies,  nose  landing  gear  assembly,  nose  radome,  brake  assembly,  OBIGGS  winch, 
and  fan  thrust  reversers. 

REQUIREMENTS  -  AFPTEF,  Boeing,  and  Robins  AFB  personnel  agreed  upon  a  list  of 
requirements  during  initial  design  discussions.  Many  of  these  requirements  were  not  met  by  the 
current  wood/fiberboard  combination  box.  The  requirements  are  as  follows: 

•  Sealed/ controlled-breathing  container  that  protects  against  varied  environmental 
conditions  and  weather  during  either  inside  or  outside  shipping  and  storage 

•  No  loose  p  acking  material 

•  Shock/ Vibration  limited  to  30  Gs 

•  Reusable  and  designed  for  long  life  (20  years) 

•  Low  maintenance 

•  Field  rep airable  hardware 

•  Forklift  capabilities 


DEVELOPMENT 

DESIGN  -  The  C-17  HUD  Shipping  and  Storage  Container,  CNU-676/E,  design  meets  all  the 
users’  requirements.  The  CNU-676/E  is  a  sealed,  welded  aluminum,  controlled  breathing, 
reusable  container  (see  Appendix  2,  Figure  1).  The  container  is  engineered  for  the  physical  and 
environmental  protection  of  the  HUD  during  worldwide  transportation  and  storage.  The 
container  consists  of  a  low  profile  base  and  completely  removable  cover  equipped  with  the 
special  features  listed  below.  Guide  posts  (see  Appendix  2,  Figure  2)  keep  the  cover  from 
swinging  into  the  HUD  during  cover  removal  and  replacement.  The  base  is  a  one  piece 
skid/double  walled  base  extrusion  with  4-way  forklift  openings,  humidity  indicator,  pressure 
equalizing  valve  (1.5  psi  pressure/1.5  psi  vacuum)  and  desiccant  port  for  easy  replacement  of 
desiccant  (controls  dehumidification).  The  ability  of  the  container  to  control/eliminate  humidity 
inside  the  container  eliminates  the  requirement  for  a  barrier  bag  which  is  required  in  the  current 
package.  A  silicone  rubber  gasket  and  quick  release  cam-over-center  latches  create  a  water/air- 
tight  seal  at  the  base-cover  interface.  Container  external  dimensions  are  45  inches  in  length,  22.6 
inches  in  width,  and  22.6  inches  in  height.  Container  empty  weight  is  93  pounds,  and  143 
pounds  with  a  HUD  in  place. 
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An  aluminum  cradle  system  is  integrated  into  the  base  suspended  on  four  stainless  steel  helical 
isolators  that  provide  shock  and  vibration  protection  to  30  G’s  (See  Appendix  2,  Figure  2).  The 
HUD  sets  in  the  cradle  system  and  two  bars  are  rotated  over  the  HUD,  on  opposite  ends,  and 
tightened  with  knobs  to  secure  the  HUD  to  the  cradle  system.  Silicone  rubber  pads  provide 
friction  to  keep  the  HUD  from  sliding  on  the  aluminum  surfaces  and  also  provides  abrasion 
protection  from  metal  edges.  The  cradle  allows  easy  loading  and  unloading  of  the  HUD  as  well 
as  brings  it  slightly  above  the  base  assembly  for  easy  inspection  and  possible  repair  capabilities 
while  still  in  the  container.  There  are  no  detachable  parts  on  the  container  other  than  the 
container  lid,  which  eliminates  FOD  risks. 


HUD  CONTAINER  FEATURES 

Pressure  Equalizing  Valve 

1 

Humidity  Indicator 

1 

Desiccant  Port 

1 

Document  Receptacle 

None 

Forklift  able 

Yes 

Cover  Latches 

10 

Cover  Lift  Handles 

2 

Cover  Lift  Rings 

None 

Cover  Tether  Rings 

None 

Base  Lift  Handles 

None 

Base  Tie-down  Rings 

4 

Stacking  Capability 

Yes 

PROTOTYPE  -  AFPTEF  fabricated  one  CNU-676/E  prototype  container  in  house  for  testing. 
The  prototype  container  was  fabricated  in  accordance  with  (IAW)  all  requirements  and 
tolerances  of  the  container  drawing  package.  The  drawing  package  used  for  prototype 
fabrication  has  been  released  for  the  manufacture  of  production  quantities  of  the  container.  Each 
face  of  the  container  was  uniquely  identified  for  testing  identification  as  shown  below. 


DESIGNATED 

CONTAINER 

SIDE 

FEATURE 

Top 

Cover  Top 

Aft 

Desiccant  Port 

Right 

Right  Side  from  Aft 

Left 

Left  Side  from  Aft 

Forward 

Opposite  Aft 

Bottom 

Base  Bottom 
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QUALIFICATION  TESTING 

TEST  LOAD  -  The  test  load  was  an  actual  HUD.  A  triaxial  accelerometer,  used  to  record  actual 
accelerations  sustained  by  the  HUD,  was  mounted  on  the  test  load  as  close  to  the  center  of  mass 
as  possible.  The  test  load  weight  was  50  lbs. 

TEST  PLAN  -  The  HUD  container  was  tested  in  accordance  with  AFPTEF’s  standard  long  life 
container  test  plan  (See  Appendix  1).  The  test  plan  referenced  A  STM  D  4169  and  SAE  ARP 
1967.  The  test  methods  specified  in  this  test  plan  constituted  the  procedure  for  performing  the 
tests  on  the  HUD  container.  The  performance  criteria  for  evaluation  of  the  container 
acceptability  was  specified  at  30  Gs  maximum  and  an  initial  and  final  leak  rate  of  0.34  kPa  (0.05 
psi)per  hour  at  10.34  kPa  (1.5  psi).  These  tests  are  commonly  applied  to  special  shipping 
containers  providing  rough  handling  protection  to  sensitive  items.  The  tests  wereperformed  at 
AFPTEF,  AFMC  LSO/LOP,  5215  Thurlow  St,  Wright-Patterson  AFB,  OH  45433-5540. 

ITEM  INSTRUMENTATION  -  The  test  load  was  instrumented  with  a  piezoelectric  triaxial 
accelerometer  mounted  as  close  as  possible  to  the  HUD’s  center  of  mass.  Accelerometer 
positive  axis  orientations  were  as  follows: 

X  Axis  -  Directed  through  container  Forward  and  Aft  sides  (Longitudinal  motion). 

Y  Axis  -  Directed  through  container  Left  and  Right  sides  (Transverse  motion). 

Z  Axis  -  Directed  through  container  Top  and  Bottom  (Vertical  motion). 

See  Appendix  4  for  detailed  accelerometer  and  other  instrumentation  information. 

TEST  SEQUENCES  -  Note:  All  test  sequences  were  performed  at  ambient  temperature  and 
humidity,  unless  otherwise  noted  in  the  test  procedure. 

TEST  SEQUENCE  1  -  Leak  Test 

Procedure  -  The  desiccant  port  cover  was  removed  and  replaced  with  a  port  cover 
modified  for  attachment  of  the  digital  manometer  and  vacuum/pressure  pump  lines.  The 
container  was  closed  and  sealed.  The  pneumatic  pressure  leak  technique  was  used  to 
pressurize  the  container  to  a  minimum  test  pressure  of  10.34  kPa  (1.5  psi).  Maximum 
allowable  leak  rate  is  0.34  kPa  (0.05  psi)  per  hour.  (See  Appendix  2,  Figure  3) 

Results  -  The  container  passed  the  leak  test  with  a  leak  rate  less  than  the  maximum 
allowed  rate  of  0.34  kPa  (0.05  psi)  per  hour. 

TEST  SEQUENCE  2  -  Vibration  Test,  Resonance  Dwell 

Procedure  -  The  container  was  rigidly  attached  to  the  vibration  platform  (see  Appendix  2, 
Figure  4).  A  sinusoidal  vibration  excitation  was  applied  in  the  vertical  direction  and 
cyclically  swept  for  7.5  minutes  at  2  minutes  per  octave  to  locate  the  resonant  frequency. 
Input  vibration  from  5  to  12.5  Hertz  (Hz)  was  at  0.125-inch  double  amplitude.  Input 
vibration  from  12.5  to  50.0  Hz  was  at  1.0  G  (0  to  peak).  The  peak  transmissibility  values 
during  the  up  and  down  frequency  sweeps  were  noted  for  use  in  determining  the 
frequency  search  range  for  the  resonance  dwell  test. 


3 


AFPTEF  Report  No.  06-R-05 
AFPTEF  Project  No.  04-P-106 


C- 17  HUD 


Acceleration  pulses  were  recorded  to  determine  the  maximum  accelerations  sustained  by 
the  packaged  item.  All  signals  were  electronically  filtered  using  a  two-pole  Butterworth 
filter  with  a  600  Hz  cutoff  frequency . 

The  vibration  controller  swept  up  the  frequency  range  until  the  resonant  frequency  was 
reached.  The  controller  locked  onto  and  tracked  this  frequency  for  the  30  minute 
resonance  dwell  test.  The  resonant  frequency  and  corresponding  transmissibility  at  1 
minute,  15  minutes  and  30  minutes  into  the  test  were  recorded.  The  test  was  conducted  at 
ambient  temperature. 

Results  -  The  initial  resonant  frequency  of  the  container  was  17.3  Hz.  The  controller  was 
manually  locked  onto  this  frequency,  and  a  manually  controlled  check  for  a  change  in  the 
resonant  frequency  was  performed  every  10  minutes  for  the  duration  of  the  30  minute 
resonance  dwell  test.  During  this  period,  the  resonant  frequency  shifted  to  17.8  Hz,  and 
ended  at  17.5  Hz;  the  average  transmissibility  of  the  container  and  cradle/shock  mount 
system  was  0.8.  This  is  lower  than  the  maximum  allowable  transmissibility,  8,  when  the 
resonant  frequency  is  between  15  and  25  Hz  (see  Appendix  3,  Table  2,  Resonance  Sweep 
and  Dwell  Graphs,  and  frequency /transmissibility  tables  at  the  end  of  Appendix  3).  The 
container  met  the  test  requirements. 

TEST  SEQUENCE  3  -  Loose  Load  Vibration ,  Repetitive  Shock 

Procedure  -  A  sheet  of  3/4-inch  plywood  was  bolted  to  the  top  of  the  vibration  table,  and 
the  container  was  placed  on  the  ply  wood.  Restraints  were  used  to  prevent  the  container 
from  sliding  off  the  table.  The  container  was  allowed  approximately  1/2-inch 
unrestricted  movement  in  the  horizontal  direction  from  the  centered  position  on  the  table 
(see  Appendix  2,  Figure  5). 

The  table  frequency  was  increased  from  3.5  Hz  until  the  container  left  the  table  surface 
(approximately  3.9  Hz).  At  one-inch  double  amplitude,  a  1/16-inch-thick  flat  metal 
feeler  could  be  slid  freely  between  the  table  top  and  the  container  under  all  points  of  the 
container.  Repetitive  shock  testing  was  conducted  for  2  hours  at  ambient  temperature. 

Results  -  The  loaded  container  was  vibrated  at  4.3  Hz  for  2  hours.  The  maximum  G 
level  (vertical  axis)  measured  during  this  time  was  1.9.  At  the  end  of  testing  there  was  no 
visible  damage  to  the  either  the  container  or  the  item,  (see  Appendix  3,  Repetitive  Shock 
Graphs)  The  container  met  the  test  requirements. 

TEST  SEQUENCE  4  -  Rotational  Progs 

Procedure  -  An  Assurance  Level  I  drop  height  of  762  mm  (30  in.)  was  used  to  perform 
four  corner  and  four  edge  drops  onto  a  one-inch  thick  steel  plate,  the  impact  levels  were 
recorded.  The  maximum  allowed  impact  level  for  the  HUD  was  30  Gs.  (See  Appendix 
2,  Figures  6  &  7.) 

Results  -  There  was  no  noticeable  damage  to  either  the  container  or  item.  The  maximum 
recorded  (resultant)  impacts  ranged  from  9  Gs  to  24  Gs,  well  below  the  item  fragility  of 
30  Gs.  (See  Appendix  3,  Table  1  and  Corner  and  Edge  Drop  Graphs).  The  container  met 
the  test  requirements. 
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TEST  SEQUENCE  5  -  Lateral  Impact  [ Pendulum  Impact} 

Procedure  -  The  container  impact  velocity  was  2.13  m/sec.  Each  of  the  four  container 
sides  was  impacted  one  time.  (See  Appendix  2,  Figure  8.) 

Results  -  No  noticeable  damage  occurred  to  the  container  or  item.  The  item  did  not 
make  contact  with  any  interior  container  surfaces  during  testing.  The  maximum  recorded 
(resultant)  impacts  ranged  from  1 1  Gs  to  13  G’s,  well  below  the  item  fragility  of  30  Gs. 
(See  Appendix  3,  Table  1  and  Lateral  Impact  Graphs)  The  container  met  the  test 
requirements. 

TEST  SEQ  UENCE  6  -  Leak  Test 

Procedure  -  Test  Sequence  1  was  repeated. 

Results  -  The  container  passed  the  leak  test  with  a  leak  rate  less  than  the  maximum 
allowed  rate  of  0.34  kPa  (0.05  psi)  per  hour. 

TEST  CONCLUSIONS  -  No  damage  occurred  during  the  above  testing  to  either  the  container, 
mounting  system,  or  test  item.  There  was  no  evidence  of  any  contact  on  impact  between  the 
HUD  and  the  container  walls  or  cover.  All  impact  levels  are  well  below  the  item  fragility  limit 
of  30  Gs.  Therefore,  the  container  and  mounting  system  do  provide  adequate  protection  for  the 
HUD. 


FIT  &  FUNCTION  TESTING 

Fit  and  function  testing  was  completed  on  site  at  AFPTEF  with  the  HUD  that  was  supplied  for 
prototype  testing. 


CONCLUSIONS 

No  damage  occurred  during  the  above  testing  to  the  container,  mounting  system  or  test  item. 
There  was  no  evidence  of  any  contact  on  impact  between  the  radome  and  the  container  walls  or 
cover.  All  impact  levels  are  well  below  the  item  fragility  limit  of  30  G’s.  The  CNU-676/E 
aluminum  container  was  accepted  by  the  users.  The  container  met  all  the  user’s  requirements. 
The  container  can  protect  a  HUD  during  world-wide  transportation  and  storage  and  will  save  the 
Air  Force  hundreds  of  thousands  of  dollars  in  O&M  costs. 


RECOMMENDATIONS 

AFPTEF  recommends  that  new  containers  be  procured  and  delivered  to  avoid  damage  to  HUD 
units,  thus  mitigating  overall  shipping  risks.  All  wood/fiberboard  combination  boxes  for  the 
HUD  units  should  be  replaced. 
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APPENDIX  1:  Test  Plan 
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AIR  FORCE  PACKAGING  EVALUATION  ACTIVITY 
(Container  Test  Plan) 

“CONTAINER  SIZE  (L  x  W  x  D)  {MILLIMETERS j  WEIGHT  (Kg ft}  CUBE  {QU.  M> 

INTERIOR:  EXTERIOR:  GROSS:  ITEM: 

0S5  X  4B3  X  44B.3  1 1143  X  573  X  573.7  65  j  23  -30 

ITEM  NAME-  MANUFACTURER: 

C- 1 7  Heads-Up  D isplay  Un it  (HUD)  |  AFFTE F 

CONTAINER  NAME:  "  ~ 

C-17  HUD  Container 

PACK  DESCRIPTION: 


AFPEA  PROJECT  NUMBER: 

04-P-1Q6 

QUANTITY: 

DATE: 

1 

12JULQ4 

CONTAINER  COST: 


Extended  Aluminum  Cntr,  Aluminum  Cradle,  Helical  Isolators,  Tesl  Load  of  a  0-17  HUD 

CONDITIONING: 


As  noted  below 


TEST 

NO. 

REF  STD /SPEC 

AND  TEiT  METHOD  OR 
PROCEDURE  NO'S 

7E ST  TITLE  AND  PARAMETERS 

CONTAINER 

ORIENTATION 

IM&TRU- 

M  ENT  ATI  ON 

L 

NOTE 

No  dam  Big  0  Ed  □□nrtenJs  is  accspiable  end  Packaga  must 
be  In  serviceable  cotillon.  Serviceable  means  remains 
EEalad,  wilh  no  deformill&s,  big. 

Quality  Conformance  Tests. 

i. 

Examination  of  Pr 

iduct. 

ARP1 961 

Far.  4. 5  1 

Table  I 

ContiiLt¥eif  shall  tie  carefully  examined  to 
determine  conformance  with  material, 
workmanship,  and  requirements  as 
specified  in  Table  and  drawings. 

Ambient  temp. 

Visual 

Inspection  (VIJ 

2, 

WelahtTest. 

ARP1967 

Par+ 

Container  shall  bewdghjtd- 

Ambient  temp. 

Seale 

Ferliermance  Tests. 

3. 

Leak  lest. 

4. 

ARF1967 

Par.  4.5.2 

Vibration  Teat. 

Pneumatic  pressure  at  10.34  LPA  and  vacuum 
re  lent  ion  ai  -10.34  kFA.  After  tempera  Lure 
stabilisation,  pressure  drop  sluiEJ  not  exceed 

0.34  kFA  per  hour.  Test  shali  East  a  minimum 
of  30  minutes. 

Ambient  temp. 

Water 

Minometer 
(WM)  ar 

Presiur: 

Trans  diKxr 
(PPT) 

a. 

ARP1967 

Par.  4.5.5 

A stm  mm 
ASTMD999 

The  container  shall  be  vibrated  from  5  Hz  to 

50  Hz  at  a  sweep  rate  of  one  half  octave  per 
minute  with  a  total  sweep  time  of  7.5  minutes. 
Container  shall  then  be  vibrated  for  30 
minutes  at  the  predominant  resonance.  Input 
excitation  shall  be  3  2mm  double  amplitude 
or  1  G  whichever  is  less. 

Ambient  temp. 
Rigidly  attach 
container  to 
exciter. 

VI 

Tft-axial 

accelerometer 

COMMENTS? 
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AIR  FORCE  PACKAGING  EVALUATION  ACTIVITY 
(Container  Test  Plan) 


CONTAINER  SIZE  (L  x  W  jt  D)  (Ml UU METERS t 
INTERIOR:  EXTERIOR: 

053  X  453  X  446.3  1 1143X573  X  573.7 


WEIGHT  (Kgs) 
GROSS:  .  ITEM: 


CUBE  (CU-  hi} 


AFPEA  PROJECT  NUMBER: 

04-P-106 


QUANTITY:  DATE: 


1053  X  453  X  446.3  [  1 1 43  X  573  X  573.7  |  65  23  ,38  j  1 

ITEM  NAIA&:  '  WANUFACTU  R  Efl; 

C-17  Heads-Up  Display  Unit  (HUD)  AFPTEF 


CONTAINER  NAME:  CONTAINER  COST: 

C-17  HUD  Container 


PACK  DESCRIPTION: 

Extruded  Aluminum  Cnlr.,  Aluminum  Cradle,  Helical  Isolators,  Test  Load  of  a  C-17  HUD 

CONHTIDNINQ: 

As  noted  below 


12  JUL  04 


REF  ST  CHS  PEC 

AND  TEST  METHOD  OR 
PROCEDURE  NO'S 

TE$T  TITLE  AltD  PAH  AVOIRS 

CONTAINER 

ORIENTATION 

. .  i 

Arp  im 

Par.  4.5.5 
'  ASTMD4169 
ASTM  D999 

Container  shall  be  vibrated  1AW  ASTM 

D4 1 69  r  Method  D999  for  not  less  than 
two  hours. 

L 

Ambient  temp. 
Blocking  shall  be 
used  to  keep  entr. 
In  piaccT  do  not 
restrict  vertical  or 
rotational  move¬ 
ment. 

IRoLiq  h  Hand  Etna 

rests  (Ambient  Temperature) 

ARPI9G7 

Par.  45.3,2 

ASTM  D4169 
ASTM  D6179 

Comer- wise  drop  (rotational)  test.  Drop 
height:  762mm.  Item  shall  not  sustain  more 
than  3GG?s. 

One  drop  on  each 
bottom  comer. 
Total  of  four 
drops. 

ARP1%7 

Par.  453.1 

ASTM  EM  169 
ASTM  1M179 

Edge-wise  drop  (rotational)  test.  Drop 
height:  7 62 mm.  Item  shall  not  sustain 
more  than  30Ghs, 

One  drop  on  each 
bottom  edge. 

Total  of  four 

drOpii, 

AR1T967 

Par.  45.6 

ASTM  D4169 
ASTM  D88Q 

Lateral -Impact  test.  Impact  velocity  2,13 
m/sec-  Item  shall  nol  sustain  more  than 

300*3. 

One  impact  on 
each  side  and 
end.  Total  of 
four  impacts. 

INSTRU¬ 

MENTATION 


VI 

Tri-axial 
acceEero  meter 


VI 

Tri-axial 

accelerometer 


VI 

Tri-axi&i 

accelerometer 


VI 

Tri-axial 

accelerometer 


COMMENTS; 

PREPARED  BV: 

APPROVED  BVi 

Robbin  Miller.  Mechanical  Enaineer 

Robblrt  Miller.  Chief  AFPTEF 
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AFPTEF  Report  No.  06-R-05 
AFPTEF  Project  No.  04- P-1 06 


C- 17  HUD 


AIR  FORCE  PACKAGING  EVALUATION  ACTIVITY 
(Container  Test  Plan) 


cqhtjuner  siee  d)  {millimeters) 

INTERIOR  ,  EXTETUQRr 


WEIGHT  (Kgs) 
SROSSt  ,  ITEM: 


cube  seu-  m 


AFPIA  PROJECT  NUMB  EH: 

04-P-106 


QUANTITY;  BATE; 


1053  X  4B3  X  44B.3  |l  14S  X  X  373.7  j  65  |  23 _ _ 

ITEM  JIAWE:  MANUFACTURER: 

CM  7  Heads-Up  Display  Unit  (HUD)  AFPTEF 

CONTAINER  NAME:  ™"~  CONTAINER  COST: 

C-17  HUD  Container 

PACK  DESCRIPTION: 

Extruded  Aluminum  Cntrr  Aluminum  Cradle,  HelicaS  Isolators^  Test  Load  of  a  C-17  HUD 


coiainndNiNG; 

As  noted  below 


12  JUL  04 


REF  STOSPEC 
AND  TEST  METHOD- OR 
PROCEDURE  NO'S 


TE$T  TITLE  AND  PARAMETERS 


CONTAINER 

ORIENTATION 


INSTRU¬ 

MENTATION 


S.  Leak  Test 

ARP1%7 
■  Par.  4.5,2 


Pneumatic  pressure  at  G-QkPA  and  vacuum 
retention  at  -G,9kPA-  After  temperature 
stabilization,  pressure  drop  shall  not  exceed 
G.35kPA  per  hour.  Test  shall  last  a 
minimum  of  30  minutes. 


Ambiant  temp. 


Water 

Manometer 

(WM)or 

Pressure 

Transducer 

(PET) 


COMMENTS; 

PREPARED  BY; 

APPROVED  BY: 

Robbin  Miller.  Mechanical  Enaineer 

Robbin  Miller,  Chief  AFFTEF 

AFPTEF  Report  No.  06-R-05 
AFPTEF  Project  No.  04- P-1 06 


APPENDIX  2:  Fabrication  &  Testing  Photographs 


C- 17  HUD 
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C- 17  HUD 


Figure  1.  HUD  Container 


Figure  2.  HUD  Container  w/Cover  Removed  showing  Cradle  System  and  Guide  Posts 
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Figure  3.  Leak  Test 


Figure  4.  Vibration  Test,  Resonance  Dwell 


C- 17  HUD 
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C- 17  HUD 


Figure  5.  Vibration  Test,  Repetitive  Shock 


Figure  6.  Rough  Handling  Test,  Rotational  Edge  Drop 
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C- 17  HUD 


Figure  7.  Rough  Handling,  Rotational  Corner-Wise  Drop 


Figure  8.  Rough  Handling  Test,  Lateral  Impact 
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C- 17  HUD 


APPENDIX  3:  Test  Data 
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C- 17  HUD 


Table  1.  Impact  Test  Summary 


IMPACT TYPE 

TEST 

TEMPERATURE 

IMPACT 

LOCATION 

RESULTANT 

PEAK  G 

ROTATIONAL  -  CORNER 

ambient 

forward-let 

15 

ROTATIONAL  -  CORNER 

ambient 

12 

ROTATIONAL  -  CORNER 

ambient 

ai-let 

16 

ROTATIONAL  -  CORNER 

ambient 

af-right 

16 

ROTATIONAL  -  EDGE 

ambient 

forward-bottom 

12 

ROTATIONAL  -  EDGE 

ambient 

at-bottom 

24 

ROTATIONAL  -  EDGE 

ambient 

let-bottom 

12 

ROTATIONAL  -  EDGE 

ambient 

right-bottom 

9 

LATERAL  IMPACT  -  FACE 

ambient 

forward 

11 

LATERAL  IMPACT  -  FACE 

ambient 

at 

13 

LATERAL  IMPACT  -  FACE 

ambient 

let 

12 

LATERAL  IMPACT  -  FACE 

ambient 

right 

13 

Table  2.  Container  Resonant  Frequency  and  Transmissibility  Values. 


TEST 

T  EMPER  AT  URE 

DWELL 

TIME 

RESONANT 

FREQUENCY 

TRANSMISSIBILITY 

Ambient 

1  min 

17.3  Hz 

o.8  ; 

Ambient 

15  min 

17.76  Hz 

0.8  ' 

Ambient 

30  min 

17.69 

0.8 
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C- 17  HUD 


C17  Heads  Up  Display 

ROTATIONAL  IMPACT  TESTS 


DATE  /  TIME  :  Aug  19  2004  18:26  TEST  ENGINEER  :  Evans 

TEST  TYPE  :  Ambient  Temp  IMPACT  POINT  ;  Frwd-left  crnr 

CONTAINER/ ITEM:  Al  v/  Coil  Mounts  DROP  HEIGHT  :  762  ram  (30  inches) 


V  AngU;  S3 . *3  ;H.  Angl*:  312.37; 


PEAK  G  RESULTANT  VALUE  «  15  Ga .  PEAK  G  (+2)  -  15  Gs  . 

ACCELEROMETER  OUTPUT;  CHI  -  X(long*);  CH2  -  Y(trans*) ;  CH3  -  2 (vert .) ; 
CH4  -  RESULTANT.  Aft  side  =  desiccant  port. 

No  visible  damage  * 

ASTM  D  4169 ,  A5TM  D  6179.  ARP  1967* 


GHI  SYSTEMS  t  INC  *  CAT  SYSTEM 
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C- 17  HUD 


C17  Heads  Up  Display 

ROTATIONAL  IMPACT  TESTS 


DATE  /  TIME 
TEST  TYPE 
CONTAINER/ ITEM 


Aug  19  2004  18:33 
Ambient  Temp 
Al  w/  Coil  Mounts 


TEST  ENGINEER  : 
IMPACT  POINT  : 
DROP  HEIGHT  : 


Evans 

frwd  rt  crnr 
762  mm  (30  inches) 


V^Angl*:  77 ,24  ,H  .  Angl*:  2  51 *B 6; 


PEAK  G  RESULTANT  VALUE  =  12  Gs .  PEAK  G  (+Z)  =  12  Gs . 
ACCELEROMETER  OUTPUT:  CHI  -  X;  CH2  -  Y;  CH3  -  Z;  CH4  -  RESULTANT. 
No  visible  damage. 

ASTM  D  4169  ,  ASTM  D  6179,  ARP  1967. 


GHI  SYSTEMS,  INC.  CAT  SYSTEM 
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C- 17  HUD 


.  Cl 7  Heads  Up  Display 


ROTATIONAL  IMPACT  TESTS 


DATE  /  TIME 
TEST  TYPE 
CONTAINER/ ITEM 


Aug  19  2004  18:43 
Ambient  Temp 
A1  w/  Coll  Mounts 


TEST  ENGINEER  : 
IMPACT  POINT  : 
DROP  HEIGHT  : 


Evan* 

aft.  left  emr 
762  mm  (30  inches) 


V.  47 , 23 ;H.Angl* :  21 9-42; 


PEAK  G  RESULTANT  VALUE  =  14  Gs  .  PEAK  G  (+Z)  =  11  Gs. 
ACCELEROMETER  OUTPUT:  CHI  -  X{long\);  CH2  -  Y(trans.) ;  CH3 
CH4  -  RESULTANT,  Aft  side  -  desiccant  port  end. 

No  visible  damage, 

ASTM  D  4169 ,  ASTM  D  6179,  ARP  1967, 


-  Z  (long* )  ; 


GHI  SYSTEMS  ,  INC,  CAT  SYSTEM 
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C- 17  HUD 


C17  Heads  Up  Display 


ROTATIONAL  IMPACT  TESTS 


DATE  /  TIME  : 
TEST  TYPE  : 
CONTAINER/  ITEM ; 


Aug  19  2004  18:S2 
Ambient  Temp 
Al  w/  Coil  Mounts 


TEST  ENGINEER 
IMPACT  POINT 
DROP  HEIGHT 


Evans 

aft  rt  ernr 

762  mm  (30  inches) 


V.  SI .S7;HAngl«:  355,71; 


Ch 

Time 

Curr 

Amp 

Peak 

Amp 

1st  Int 

Time/Biv 

Hexp  Vexp 

123. 

mS 

1,64 

g?s 

-19*92 

9 1  s 

-7B.S5  In/s 

13 

m3 

1  2 

O2 

123* 

m £ 

2.09 

9 ' 5 

-3.50 

q's 

-89.21  In/s 

13 

m3 

1  2 

0 3 

123* 

mS 

“0.16 

q's 

11.61 

g '  s 

59.79  In/s 

13 

mS 

1  2 

®  R 

123. 

mS 

2.66 

g's 

20.46 

g’s 

133.05  In/s 

13 

mS 

1  2 

PEAK  G  RESULTANT  VALUE  =  20  Gs,  PEAK  G  (*X)  =  20  Gs, 

ACCELEROMETER  OUTPUT:  CHI  -  X{long*)  ;  CH2  -  Y(trans-)  ;  CH3  -  Z(vert*}; 
CH4  ~  RESULTANT-  Aft  side  =  desiccant  port  end* 

No  visible  damage , 

ASTM  D  4169,  ASTM  D  6179,  ARP  1967. 


GHI  SYSTEMS,  INC.  CAT  SYSTEM 
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C- 17  HUD 


C17  Heads  Up  Display 

ROTATIONAL  IMPACT  TESTS 

DATE  /  TIME  :  Aug  19  2004  10:21  TEST  ENGINEER  :  Evans 

TEST  TYPE  ;  Ambient  Ten*p  IMPACT  POINT  :  forward  edge 

CONTAINER/ ITEM:  Al  w/  Coil  Mounts  DROP  HEIGHT  :  762  mm  (30  inches) 

V.  Angle :  12* ,0* jH.Angl*:  293.79; 


PEAK  G  RESULTANT  VALUE  =*  12  Gs .  PEAK  G  (+2)  =  11  Gs. 

ACCELEROMETER  OUTPUT:  CHI  -  X(Iong.);  CH2  -  Y(trans-);  CH3  -  Z(vert.); 
CH4  -  RESULTANT-  Aft  side  =  desiccant  port. 

No  visible  damage. 

ASTM  D  4169  f  ASTM  D  6179.  ARP  1967- 


GHI  SYSTEMS ,  INC .  CAT  SYSTEM 
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C- 17  HUD 


C17  Heads  Up  Display 

ROTATIONAL  IMPACT  TESTS 


DATE  /  TIME  :  Aug  19  2004  18:36  TEST  ENGINEER  :  Evan* 

TEST  TYPE  :  Ambient  Temp  IMPACT  POINT  :  aft  edge 

CONTAINER/ ITEM;  Al  w/  Coil  Mount*  DROP  HEIGHT  :  762  mm  (30  inches) 


V^Aagl*:  23, 43,-H  .  Axigl*:  310,21; 


PEAK  G  RESULTANT  VALUE  =  15  Gs  *  PEAK  G  {+2)  =  14  Ga, 

ACCELEROMETER  OUTPUT;  CHI  -  X(Xong.);  CH2  -  Y{trans,);  CH3  -  Z(vert-); 
CH4  -  RESULTANT,  Aft  side  =  desiccant  port. 

No  visible  damage * 

ASTM  D  4169,  ASTM  D  6179*  ARP  1967* 


GHI  SYSTEMS,  INC,  CAT  SYSTEM 
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C- 17  HUD 


C17  Heads  Up  Display 

ROTATIONAL  IMPACT  TESTS 


□ATE  /  TIME  :  Aug  20  2004  6:59  TEST  ENGINEER  :  Evan* 

TEST  TYPE  :  Ambient  Temp  IMPACT  POINT  :  left  edge 

CONTAINER/ ITEM:  A1  w/  Coil  Mount*  DROP  HEIGHT  :  762  mm  (25  inches) 


V.  Jkngla;  62 . 66  ;H .  Angla:  145.00; 


PEAK  G  RESULTANT  VALUE  =  12  Gs.  PEAK  G  (+Z)  =  11  Gs , 

ACCELEROMETER  OUTPUT:  CHI  -  X(long);  CH2  -  Y(trans.)  ;  CH3  -  Z (vert . )  ; 
CH4  -  RESULTANT.  Aft  side  =  dessicant  port  end. 

No  visible  damage .Maximum  drop  height  attainable  for  short  sides . 

ASTM  D  4169,  ASTM  D  6179.  ARP  1967. 


GH1  SYSTEMS,  INC.  CAT  SYSTEM 
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C- 17  HUD 


C17  Heads  Up  Display 

ROTATIONAL  IMPACT  TESTS 

DATE  /  TIME  :  Aug  20  2004  7:08  TEST  ENGINEER 

TEST  TYPE  :  Ambient  Temp  IMPACT  POINT 

CONTAINER/ ITEM:  Al  w/  Coil  Mounts  DROP  HEIGHT 

V.  Angl»:  108  ,£2;H*JUkgl«:  173, 00; 


I 


Wj 


00 


w 


PEAK  G  RESULTANT  VALUE  =  9  G$,  PEAK  G  (+Z)  =  9  Gs . 

ACCELEROMETER  OUTPUT:  CHI  -  X(long-);  CH2  -  I(trans*};  CHS  -  Z(vert.)  ; 
CH4  -  RESULTANT*  Aft  side  =  desiccant  port. 

No  visible  damage*  Maximum  drop  height  attainable  for  short  sides, 
ASTM  D  4169,  A STM  D  6179.  ARP  1967* 


GHI  SYSTEMS,  INC-  CAT  SYSTEM 


Evans 

right  edge 

762  mm  (25  inches) 
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C- 17  HUD 


C17  Heads  Up  Display 

PENDULUM  IMPACT  TESTS 


DATE  /  TIME  ;  Aug  20  2004  7:22  TEST  ENGINEER  :  Evan* 

TEST  TYPE  :  Ambient  Temp  IMPACT  POINT  :  forward  aide 

CONTAINBR/ITEM:  A1  w/  Coil  Mounts  IMPACT  VELCTY  :  2.12  m/ see 


V_Angi«:  123 . 6«  ,-B_Angl«  :  262.09; 


PEAK  G  RESULTANT  VALUE  =  11  Gs .  PEAK  G  (X)  =  11  Gs. 

ACCELEROMETER  OUTPUT:  CHI  -  X{long. ) ;  CH2  -  Y (trana . ) ;  CH3  -  2 (vert.); 
CH4  -  RESULTANT.  Aft  side  =  desiccant  port  end. 

No  visible  damage. 

ASTM  D  4169,  ASTM  D  B80 .  ARP  1967. 


GHI  SYSTEMS,  INC.  CAT  SYSTEM 
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C- 17  HUD 


C17  Heads  Up  Display 

PENDULUM  IMPACT  TESTS 

DATE  /  TIME  :  Sep  8  2004  9:01  TEST  ENGINEER  :  Evan  a 

TEST  TYPE  :  Ambient  Temp  IMPACT  POINT  :  aft  aide 

CONTAINER/ ITEM:  A1  w/  Coil  Mounts  IMPACT  VELCTY  :  2.13  m/sec 

V.  Angla:  2 . 4  6 ;H.  Angla:  13. 68; 


PEAK  G  RESULTANT  VALUE  =  13  Gs ,  PEAK  G  (X)  =  -11  Gs . 

ACCELEROMETER  OUTPUT:  CHI  -  X(long.);  CH2  -  Y (trans .) ;  CH3  -  Z (vert . ) ; 
CH4  -  RESULTANT.  Aft  side  =  desiccant  port  end. 

No  visible  damage. 

ASTM  D  4169,  ASTM  D  880.  ARP  1967. 


GHI  SYSTEMS,  INC.  CAT  SYSTEM 
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C- 17  HUD 


Cl 7  Heads  Up  Display 

PENDULUM  IMPACT  TESTS 


DATE  /  TIME  :  Aug  20  2004  7:50  TEST  ENGINEER  ;  Evans 

TEST  TYPE  :  Ambient  Temp  IMPACT  POINT  :  left  side 

CONTAINER/ ITEM;  A1  w/  Coil  Mounts  IMPACT  VELCTY  ;  2.13  m/sec 


V.  Angls :  72 . 0 1 ;H , Angl. :  297.51; 


PEAK  G  RESULTANT  VALUE  =  12  Ga.  PEAK  G  (+Y)  -  12  Gs. 

ACCELEROMETER  OUTPUT:  CHI  -  X(long.);  CH2  -  Y (trans . ) ;  CH3  -  Z(vert.); 
CH4  -  RESULTANT.  Aft  side  =  desiccant  port  end. 

No  visible  damage . 

ASTM  D  4169,  ASTM  D  8B0.  ARP  1967. 


GHX  SYSTEMS,  INC.  CAT  SYSTEM 
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C- 17  HUD 


Cl 7  Heads  Up  Display 

PENDULUM  IMPACT  TESTS 

DATE  /  TIME  ;  Aug  20  2004  7:37  TEST  ENGINEER 

TEST  TYPE  :  Ambient  Temp  IMPACT  POINT 

CONTAINER/ ITEM:  A1  w/  Coil  Mount*  IMPACT  VELCTY 

V,  Angl*:  06 .03;H.Ang2*:  265.63; 


PJ 


in 


Pi 


PEAK  G  RESULTANT  VALUE  =  13  Gs.  PEAK  Q  (Y)  =  -13  G a, 

ACCELEROMETER  OUTPUT i  CHI  -  X( long.};  CH2  -  Y(trans+);  CH3  -  Z  (ve rt.); 
CH4  -  RESULTANT *  Aft  side  —  desiccant  port  end , 

No  visible  damage. 

ASTM  D  4169,  ASTM  D  880,  ARP  1967. 


GHI  SYSTEMS  f  INC.  CAT  SYSTEM 


Evans 
right  side 
2  *  13  m/sec 
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C- 17  HUD 


Cl 7  Heads  Up  Display 

REPETITIVE  SHOCK  TEST 

Sep  3  2004  15:20  TEST  ENGINEER  :  Evan* 

TEST  TYPE  :  Repetitive  shock  FREQUENCY  :  4.3  Hz 

CONTAINER/ ITEM:  A1  w/  Coil  Mounts  Time  in  test  :  5  minutes 


ACCELEROMETER  OUTPUT:  CHI  -  X(long.);  CH2  -  Y(trans.);  CH3  -  Z (vert . ) ; 
CH4  -  unused . 

No  visible  damage . 

ASTM  D  4169,  ASTM  D  999,  SAE  ARP1967. 

GHI  SYSTEMS,  INC.  CAT  SYSTEM 
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C- 17  HUD 


C17  Heads  Up  Display 

REPETITIVE  SHOCK  TEST 

Sep  7  2004  9:08  TEST  ENGINEER  :  Evans 

TEST  TYPE  :  Repetitive  Shock  FREQUENCY  :  4 . 3  Hz 

CONTAINER/ ITEM:  A1  w/  Coil  Mounts  Time  in  test  :  60  minutes 


ACCELEROMETER  OUTPUT:  CHl  -  Xflong.);  CH2  -  Y  (trans.)  ;  CH3  -  Z(long.); 
CH4  -  not  used.  Aft  side  =  desiccant  port. 

No  visible  damage . 

ASTM  D  4169,  ASTM  D  999,  SAE  ARP19S7 
GHI  SYSTEMS,  INC.  CAT  SYSTEM 
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C- 17  HUD 


C17  Heads  Up  Display 

REPETITIVE  SHOCK  TEST 

Sep  7  2004  9:52  TEST  ENGINEER  :  Evans 

TEST  TYPE  :  Repetitive  shock  FREQUENCY  :  4.3  Hi 

CONTAINER/ 1  TEH:  A1  w/  Coil  Mounts  Time  in  test  :  90  minutes 


ACCELEROMETER  OUTPUT:  CHI  -  Jt(long.);  CH2  -  Y (trans . ) ;  CHS  -  Z (vert.) ; 
CH4  -  unused. 

No  visible  damage . 

A5TM  D  4169,  ASTM  D  999;  SAE  ARP1967. 

GHI  SYSTEMS,  INC  *  CAT  SYSTEM 
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C- 17  HUD 


C17  Heads  Up  Display 

RESONANCE  SWEEP  &  DWELL 

Sep  3  2004  14:00  TEST  ENGINEER  ;  Evans 

TEST  TYPE  :  Resonance  Dwell  FREQUENCY  :  *17.3  Hz 

CONTAINER/ ITEM:  A1  w/  coil  Mount  Dwell  Time  :  3  minutes 


ACCELEROMETER  OUTPUT:  CHI  -  X(long.) ;  CH2  -  Y (trans.) ;  CHS  -  Z(vert.); 
CH4  —  unused . 

No  visible  damage . 

ASTM  D  4169,  ASTM  D  999,  SAE  ARP1967 . 

GHZ  SYSTEMS,  INC.  CAT  SYSTEM 
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C17  Heads  Up  Display 

RESONANCE  SWEEP  &  DWELL 

Sep  3  2004  14:07  TEST  ENGINEER  :  Evans 

TEST  TYPE  :  Resonance  Dwell  FREQUENCY  :  -17.76  Hz 

CONTAINER/ ITEM:  A1  w/  Coil  Mounts  Dwell  Time  :  15  minutes 


ACCELEROMETER  OUTPUT:  CHI  -  X(long.);  CH2  -  Y(trans.J;  CH3  -  Z<vert.); 
CH4  -  unused. 

No  visible  damage. 

ASTM  D  4169,  ASTM  D  999,  SAE  ARP1967 
GHI  SYSTEMS,  INC.  CAT  SYSTEM 


33 


AFPTEF  Report  No.  06-R-05 
AFPTEF  Project  No.  04- P-1 06 


C- 17  HUD 


C17  Heads  Up  Display 

RESONANCE  SWEEP  &  DWELL 

Sep  3  2004  14:20  TEST  ENGINEER  :  Evans 

TEST  TYPE  :  Resonance  Dwell  FREQUENCY  :  -17.69  Hz 

CONTAINER/ ITEM:  Al  w/  Coil  Mount  Dwell  Time  :  30  minutes 


ACCELEROMETER  OUTPUT:  CHI  -  X(long,);  CH2  -  Y(trana.);  CH3  -  Z  (vert . )  ; 
CH4  -  unused , 

No  visible  damage. 

ASTM  D  4169,  ASTM  D  999,  SAE  ARP1967 . 

GHI  SYSTEMS,  INC.  CAT  SYSTEM 
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07  HEADS  UP  DISPLAY 
SINE  SWEEP 


Frequency:  47.073368  Hz  Demand  Peak:  1.000000  G  Sweep  Rate:  0.5Oct/Min 
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07  HEADS  UP  DISPLAY 
RESONANCE  DWELL 


TEST  ENGINEER:  Evans  Dwell  Time:  13  minutes 


TRANSMISSIBILITY:  0.8 


VUnit 


Frequency  (Hz) 

Level:  0  dB  Control  Peak:  1.002019  G  Sweep  Type:  Logarithmic 

Frequency:  17.769312  Hz  Demand  Peak:  1.000000  G  Sweep  Rate:  0.5Oct/Min 
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07  HEADS  UP  DISPLAY 
RESONANCE  DWELL 


TEST  ENGINEER:  Evans  Dwell  Time:  26  minutes 


TRANSMISSIBILITY:  0.8 


VUnit 


Frequency  (Hz) 

Level:  0  dB  Control  Peak:  1.002019  G  Sweep  Type:  Logarithmic 

Frequency:  17.524715  Hz  Demand  Peak:  1.000000  G  Sweep  Rate:  0.5Oct/Min 
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APPENDIX  4:  Test  Instrumentation 
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PRESSURE  TEST  EQUIPMENT  -  Test  sequence  1  &  6. 


EQUIPMENT 

MANUFACTURER 

MODEL 

SN 

CAL.  DATE 

Digtal  Manometer 

Yokogawa 

2655 

82DJ6001 

N/A 

ROUGH  HANDLING  TEST  EQUIPMENT  -  Test  sequences  4  &  5. 


EOUIPMENT 

MANUFACTURER 

MODEL 

SN 

CAL.  DATE 

Shock  Amplifier 

Endevco 

2740BT 

GB04 

Jun  04 

Shock  Amplifier 

Endevoo 

2740BT 

FW23 

Jun  04 

Shock  Amplifier 

Endevco 

2740BT 

FW26 

Jun  04 

P  ost  Accelerometer 

Endevco 

2223D 

FF67 

Jun  03 

Data  Acquisition 

GHI  Systems 

CAT 

Ver.  2.7.1 

N/A 

VIBRATION  TEST  EQUIPMENT  -  Test  sequence  2  &  3. 


EQUIPMENT 

MANUFACTURER 

MODEL 

SN 

CAL.  DATE 

Servohydraulic  Vibration 
Machine 

Team  Corp. 

Special 

1988 

N/A 

Feedback  Hardware 
Controller 

D action  Corp. 

PCI  DSP  Card 

Front  End  DSP  Box 

2208515 

4544828 

Aug  04 

N/A 

Feedback  Software 
Controller 

D action  Coip. 

Version  2.1 

N/A 

N/A 

Table  Feedback 
Accelerometer 

Endevco 

2271AM20 

10306 

N/A 

Feedback  Amplifier 

Endevco 

27  75A 

EL65 

N/A 
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APPENDIX  5:  Distribution  List 
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DISTRIBUTION  LIST 


DTIC/O 

DEFENSE  TECHNICAL  INFORMATION  CENTER 
FORT  BELVOIR  VA  22060-6218 

AFMCLSO/LO 

WRIGHT-PATTERSON  AFB  OH  45433-5540 

448  MSUG/GBMST 
TINKER  AFB  OK  73145 

84  MSUG/GBMUM 
HILL  AFB  UT  84056-5805 

542  MSUG/GBMSCA 
ROBINS  AFB  GA  31098-1670 

564  ACSS/GFLC  (ATTN:  Ema  Gomez) 

44  GREEN  STREET,  #100 
WARNER  ROBINS,  GA  31093 

516  AESG/LGP  (ATTN:  Stan  Smigiel) 

2590  LOOP  ROAD  WEST 
WRIGHT-PATTERSON  AFB  OH  45433-7142 

THE  BOEING  COMPANY 
ATTN:  GUY  BREDESEN  M/C  C078-0432 
2401  E  WARDLOW  RD 
LONG  BEACH,  CA  90801-5608 
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C- 17  HUD 
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